D ecompressive laminectomy and fusion is a common procedure for the treatment of multilevel cervical and lumbar spine pathology. With posterior approaches there is considerable manipulation of the paraspinal muscles and disruption of the normal spinal anatomy, resulting in significant postoperative pain. The mechanism of postoperative pain is theorized to be a multifactorial experience that results from noxious sensory signals from damaged tissue combined with modified central nervous system function.
decreased risk of developing chronic pain, shorter hospital stays, faster recoveries, and both increased patient and physician satisfaction. Additional benefits to optimizing pain control may include improving cardiac, respiratory, and gastrointestinal function, as well as reducing the incidence of feared thromboembolic complications. 11 In the past, high doses of single parenteral narcotics were the standard for pain management strategies. 5 However, opioid medications carry significant adverse effects, including lethargy, constipation, pruritus, tolerance, withdrawal risk, and urinary retention. Recently, multimodal approaches, which function by using lower dosages of multiple agents with different mechanisms of action to modulate nociception, have gained popularity due to their favorable side effect profiles and superior analgesic properties. 6 Within the multimodal approach to pain management in spinal surgery, the perioperative injection of local anesthetic agents has been shown to be both safe and effective. 6, 9, 13 Liposomal bupivacaine (Exparel, Pacira Pharmaceuticals) has a nonopioid, lipid-based "honeycomb" structure that encapsulates bupivacaine and allows for delayed release and an effective duration of up to 96 hours. 12, 14 It was recently approved for local perioperative administration at the surgical site in concentrations up to 266 mg for postoperative analgesia and has been most notably been studied for hemorrhoidectomy, bunionectomy, and total knee arthroplasty. 2, 3, 5, 7, 8 In the era of cost-effective medicine, the potential of decreasing hospital length of stay and complications by promoting early mobilization after spinal surgery would be of great promise. As this agent has yet to be studied in any spine modalities, we sought to study the use of liposomal bupivacaine in posterior approach spinal surgery and evaluate its potential to decrease total narcotic pain medications use, achieve superior perioperative pain control, and decrease length of stay.
methods
Institutional review board approval was obtained to conduct a retrospective, cohort-matched chart review of 531 consecutive cases over 17 months (October 2013 to February 2015) within an administrative database of spinal surgery procedures that were performed by a single surgeon (J.J.). Liposomal bupivacaine was administered to all patients undergoing posterior-approach cervical and lumbar spinal surgery at our institution beginning on January 1, 2014. Our protocol consisted of injecting 20 ml liposomal bupivacaine (1.3% concentration) into the paraspinal musculature at the operative levels prior to wound closure, rather than 20 ml of 0.5% bupivacaine hydrochloride (Marcaine), which was used from October 2013 to January 1, 2014, thus creating 2 treatment arms designated by the use of liposomal bupivacaine or bupivacaine hydrochloride. The 20 ml volume of liposomal bupivacaine was diluted in up to 40 ml of normal saline to expand coverage for lumbar spinal surgeries greater than 2 levels. The injection sites included the subcutaneous tissues, epifascial and subfascial soft tissues, and paraspinal musculature.
As part of our multimodal pain protocol, all patients received preemptive patient-controlled anesthesia (PCA) and oral pain medications postoperatively as well. Patients who were receiving chronic narcotics preoperatively were maintained on the same regimen during their hospitalization.
All subjects were adults (age range 18-80 years) with an American Society of Anesthesiologists Physical Status Classification of I to III who were scheduled to undergo elective primary posterior decompression and fusion for spondylotic pathologies. All performed cervical surgeries were posterior cervical laminectomies with instrumented lateral mass screw-rod constructs with lateral mass fusion. Lumbar surgeries classified as a decompression alone consisted of either a bilateral laminoforaminotomy and medial facetectomy or a discectomy with either a laminectomy or hemilaminectomy. Surgeries described as a lumbar arthrodesis entailed transforaminal lumbar interbody fusion or instrumented posterolateral lumbar fusion. A JacksonPratt drain was left postoperatively in all fusion patients and removed at the discretion of the surgeon. Patients were further classified into those undergoing exposures within the anatomical levels of C3-T3 or L1-S3 to create the "cervical" and "lumbar" cohorts, respectively. Patients with previous surgical interventions at the same level or anterior approaches were excluded, as were patients with trauma/fractures/tumors and patients who did not receive a fusion. Those patients who experienced complications during hospitalization were also excluded from direct analysis of pain requirements and length of stay. Cohorts were further analyzed by preoperative opiate status.
Baseline demographics, as well as the outcome measurements of length of stay, days in the intensive care unit, discharge location, intravenous and oral opioid usage, and PCA days, were compared using the mean and standard deviation of each measurement by 2-tailed t-test analysis using Microsoft Excel. The mean postoperative analgesic consumption during hospitalization was calculated and normalized to 10 mg of intravenous morphine (morphine milligram equivalent [MME]), as described in Table 1 . For simplicity, all reported values were formatted in MME per day. Preoperative opiate usage was organized into 2 subgroups for analysis. Patients who used less than 10 MME per day were considered opiate naive, while those using greater than or equal to 10 MME per day were defined as opiate tolerant.
To account for variances in the size of surgical exposure and length of stay, the average opiate consumption was calculated on a milligram/day/level basis. Additionally, as our institution provides most patients with PCA by default, for which the actual milligrams of opiates received by the patient are not well documented, we accounted for this by subtracting the number of PCA days from the hospital length of stay. Two-tailed t-test analysis using Microsoft Excel (version 15.0.4737.1003) was performed.
results patient characteristics
One hundred sixteen patients were found to meet the inclusion criteria for this study. There were 52 patients in the cervical cohort and 64 patients in the lumbar cohort ( Table 2 ). The respective mean ages of the bupivacaine hydrochloride and liposomal bupivacaine groups were 62.3 and 61.5 years for the cervical cohort and 63.1 and 61.9 years for the lumbar cohort. In the lumbar cohort, there was a significantly higher proportion of women than men (p = 0.021) in the group that received liposomal bupivacaine in comparison with bupivacaine hydrochloride. There were no other statistical differences found for any other parameters, including body mass index, average levels of spine exposure, chronic narcotics status, discharge location, insulin dependence, or smoking status (Table 2) .
analgesic requirements
Neither PCA days nor levels of exposure were statistically different between groups. For both cervical and lumbar cases (Fig. 1) , patients who received bupivacaine hydrochloride required approximately twice the adjusted MME per day in the bupivacaine hydrochloride arm in comparison with the liposomal bupivacaine arm (5.7 vs 2.7 MME, p = 0.27 [cervical] and 17.3 vs 7.1 MME, p = 0.30 [lumbar] ). The intravenous rescue pain medicine (Fig. 2) requirements (in addition to PCA) were increased in patients receiving bupivacaine hydrochloride in comparison with liposomal bupivacaine in the cervical (1.0 vs 0.39 MME, p = 0.31) and lumbar (1.0 vs 0.37 MME, p = 0.08) cohorts as well. However, none of these differences were found to be statistically significant (Table 3) .
opiate-dependent versus opiate-naive patients
Patients who were preoperatively opiate naive or dependent were isolated for the subgroup analysis. In all cases, patients were maintained on their preoperative basal pain medication regimen, in addition to receiving increased intravenous and oral mediations; all narcotics administered were included in the analysis. For opiate-naive patients, the narcotic requirements were similar in the bupivacaine hydrochloride group in comparison with the liposomal bupivacaine group (Fig. 3) for both the cervical (2.3 vs 2.5 MME; p = 0.87) and lumbar cohorts (4.9 vs 3.12 MME; p = 0.59). In patients who were chronic preoperative opiate users, total opiate consumption in the bupivacaine hydrochloride group was less than the bupivacaine group for both the cervical (170.3 vs 3.2 MME; p = 0.24) and lumbar (43.2 vs 8.8 MME; p = 0.26) groups; however, the small sample size of this group and the differences in chronic narcotic requirements produced a large amount of variability and these values were not found to be statistically significant ( Table 3) .
length of Stay
There was no significant difference in the lengths of stay between the bupivacaine hydrochloride and bupiva- caine groups in either the cervical (4.9 vs 4.7 days; p = 0.78) or lumbar (5.6 vs 5.9 days; p = 0.49) cohorts (Fig.  4) . The infection and complication rates between cohorts and treatment arms were also not significantly different between cohorts or treatments (Fig. 1) . The most common complications encountered were dural tears, dysphagia, hypotension, postoperative fever, and postdischarge infection (Table 3) .
discussion
This retrospective, case-control study failed to demonstrate any significant differences between liposomal bupivacaine and standard bupivacaine hydrochloride in posterior-approach spinal surgery with regard to pain management at our institution. However, the trend toward decreased narcotic usage in the liposomal bupivacaine treatment arm warrants further investigation. Indeed, the total narcotic requirement was roughly double in the bupivacaine hydrochloride group in comparison with the liposomal bupivacaine group; these differences were striking, despite not reaching statistical significance. Due to this striking trend, further investigation is warranted with larger populations to see if this trend continues over a broad range of spinal procedures, which could account for the variability in narcotic use and lack of statistical significance. Moreover, we selected intravenous pain medication use as a proxy for assessing breakthrough pain and found that requirements were 3 times greater in the bupivacaine hydrochloride group than in the liposomal bupivacaine group as well, though these values also did not achieve statistical significance.
There was no decrease in the length of hospitalization between approaches, and the infection and complication rates were equivalent. However, in certain patient groups there may be an increased benefit for liposomal bupivacaine or bupivacaine hydrochloride at low levels. Specifically, in our study, we found that in both cohorts the preoperative opiate-dependent patients used significantly more narcotics prior to being treated with liposomal bupivacaine in comparison with bupivacaine hydrochloride, but narcotic use was equivalent between treatments in the opiate-naive group. While this was not a statistically significant finding, the small sample size compared with the high degree of variability in narcotic use within patient cohorts may indicate a Type 2 error. Even if this is not statistically significant, this may be a clinically significant effect as these patients often require additional hospital services (e.g., acute pain service consultations, increased physical/occupational therapy usage) to manage their pain; these costs were not directly analyzed in this study. Therefore, the utility of liposomal bupivacaine in this special population requires further study, as it has the potential to tangibly decrease inpatient costs.
Recently, several other retrospective and prospective studies on total knee arthroplasty have made similar conclusions regarding the efficacies of liposomal bupivacaine and bupivacaine hydrochloride. 1, 15 In these studies, the authors hypothesized that the poor performance of liposomal bupivacaine may be accounted for by the decrease in the free drug concentrations at the injection site secondary to the slower release of bupivacaine from the liposomes, especially during the first 24 hours. 10 However, the initiation lag of bupivacaine was not a relevant factor in our study because most patients received PCA for the first 24 hours postoperatively, regardless of the pain level.
The authors of a prospective study of total knee arthroplasty performed a dose-response analysis of liposomal bupivacaine and found that only 532 mg liposomal bupivacaine-twice the concentration used in our protocol and that is currently approved by the FDA-was superior to standard bupivacaine on hospital Days 1 and 5.
3 In an analysis of 823 patients by Bramlett et al., doses up to 532 mg were found to be well tolerated with no increased incidence of either central nervous system or cardiac adverse events. 3 It is possible that the administration of 266 mg liposomal bupivacaine may fall below the threshold required to observe a clinically significant effect.
limitations
We did not directly obtain patient-reported pain scores and relied upon rescue intravenous pain medication use as Fig. 2 . Mean daily postoperative rescue pain medication adjusted for PCA and levels exposed. The intravenous rescue pain medication requirements are shown. In the cervical cohort, patients treated with liposomal bupivacaine required 0.40 ± 0.78 MME of intravenous rescue medication per day in comparison with 1.0 ± 3.2 for the bupivacaine hydrochloride treatment arm; this is an 81.1% decrease. The lumbar cohort patients treated with liposomal bupivacaine required 0.37 ± 0.72 MME of intravenous rescue pain medication per day in comparison with 1.0 ± 1.96 in patients who received bupivacaine hydrochloride; this is a 62.9% decrease. Fig. 1 . Mean daily postoperative analgesia adjusted for PCA and levels exposed. The total daily pain medication requirements are shown. In the cervical cohort, patients treated with liposomal bupivacaine required 2.7 ± 14.4 MME per day in comparison with 2.706 ± 2.5 for bupivacaine hydrochloride (Marcaine) treatment; this is a 52.7% decrease. In the lumbar cohort, patients treated with liposomal bupivacaine required 7.1 ± 9.2 MME per day compared with 17.3 ± 55.3 in patients who received bupivacaine hydrochloride; this is a 58.9% decrease.
a proxy for lapses in pain control. These scores would be necessary to evaluate subjective patient satisfaction, which may provide justification for the increased cost of liposomal bupivacaine over bupivacaine hydrochloride.
The sample size was relatively small and the risk of a Type 2 error cannot be ruled out, especially because of the high variability in narcotic pain mediation use between chronic opioid users. While different mean analgesic requirements were noted, the average length of stay and complication rate were nearly identical, suggesting that even if liposomal bupivacaine is associated with decreased narcotic use that effect does not significantly decrease opioid-associated complications or decrease length of stay. Most patients postoperatively received PCA by default, but not all, which may have influenced the mean pain medication use in patients because the quantity dispensed was not readily available in our electronic medical records and patients certainly will have variable usage.
This study differs from other postoperative analgesia investigative studies, as we compared 2 drugs with equivalent mechanisms of action that vary only by pharmacokinetic action, whereas prior studies evaluated cohorts that received medications with dissimilar mechanisms of action.
conclusions
Liposomal bupivacaine did not significantly decrease perioperative opioid use, adverse events, or length of hospitalization within our multimodal pain management approach in patients who underwent cervical or lumbar laminectomy fusion. However, a trend toward decreased analgesic use with liposomal bupivacaine in comparison with bupivacaine hydrochloride was observed. Future investigations of patient and provider satisfaction would require further studies, as well as prospectively designed studies, in spinal populations to determine the significance of these trends. 3 . Mean daily postoperative analgesia in opiate-naive and opiatedependent patients. Total pain requirements in patients receiving liposomal bupivacaine or bupivacaine hydrochloride relative to their preoperative opiate status are shown. In the cervical cohort, opiate-naive patients required 2.5 ± 2.5 MME for liposomal bupivacaine treatment in comparison with 2.4 ± 2.1 in the bupivacaine hydrochloride treatment arm. Chronic opiate users required 3.2 ± 2.8 MME with liposomal bupivacaine in comparison with 17.3 ± 28.9 with bupivacaine hydrochloride treatment. In the lumbar cohort, opiate-naive patients required 3.2 ± 10.3 MME with liposomal bupivacaine in comparison with 4.9 ± 4.3 MME with bupivacaine hydrochloride treatment. In chronic opiate users, those treated with liposomal bupivacaine required 8.8 ± 6.46 MME in comparison with 43.2 ± 94.6 MME.
Fig. 4.
Mean length of stay. To determine the average length of stay, the operative day was defined as Day 1. For the cervical cohort, the average length of stay was 4.7 ± 1.5 days for the liposomal bupivacaine treatment group and 4.8 ± 1.75 days for the bupivacaine hydrochloride treatment group. In the lumbar cohort, the average length of stay was 5.9 ± 1.6 days for the liposomal bupivacaine treatment group and 4.6 ± 1.6 days for the bupivacaine hydrochloride treatment group.
